Abstract
suggesting that primitive analyses of temporal sequences may occur as a 71 preattentative automatic process (Fodor, 1983) . crucially relies on lexical knowledge, i.e., the knowledge about which syllable 86 combinations constitute valid words (Cutler, 2012 
109
showed that cortical activity could concurrently follow hierarchical linguistic 110 units of different sizes (Ding et al., 2016) . In this study, we employed an 111 isochronous syllable sequences as the speech stimulus, in which neighboring 112 syllables combined into bisyllabic words (Fig. 1A) 
Results

126
In the first experiment, listeners were exposed to two concurrent speech 127 streams, one to each ear (i.e., dichotically). One speech stream was an 128 isochronous syllable sequence that alternates between word states and 129 random states (Fig. 1) . In the word states neighoring two words constructed a 130 bisyllabic words and in the random state the order between syllables was 131 randomized. The other speech stream was a spoken passage that was time 132 compressed, i.e. fastened, by a factor of 2.5 to increase task difficulty. region (* P < 0.05, ** P < 0.005, bootstrap). Response peak at the syllabic 153 rate is observed in both attended and unattended conditions. Response 154 peak at the word rate however, is only observed for the attended condition.
155
The topographic plots of the EEG response at the syllable and word rates During the time intervals when the bisyllabic words are played, the EEG 173 power spectrum averaged over subjects and channels is shown in Fig. 2A .
174
When the word sequence is attended, two peaks are observed in the power 175 spectrum, one at the syllabic rate (P = 10 -4 , bootstrap) and the other at the (Fig. 3C) . Furthermore, the syllabic-rate neural response shows a 255 decrease in power about 1 s after the word state onset (Fig. 3CD ).
257
Experiments 1 and 2 show that neural tracking of words is severely 258 attenuated when attention is directed to a competing sensory stimulus. We (Fig. 4B) . In other words, the 279 word-rate response is significantly stronger during the time intervals being 280 attended to. Although the onset of the word state is cued, the phase of the 281 word-rate response still takes about 500 ms to stabilize after the word state 282 onset (Fig. 4C) . In other words, temporal prediction cannot greatly fasten the 283 stabilization of the neural response phase. 
Discussion
312
The current study investigates how attention differentially modulates the 313 neural entrainment to acoustic events, i.e., syllables, and temporal chunks, cued, the neural response phase still takes about ~0.5 s to stabilize (Fig. 4C) , 419 suggesting that neural entrainment to words is not purely a predictive process 420 and requires feedfowrd syllabic input.
422
The current data and previous results (Ding et al., 2016) suggest that low- 
Methods
444
Subjects
445
Fourteen subjects participated in each experiment (18-28 years old; mean 446 age: 22; 50% female). All subjects were graduate or undergraduate students 447 at Zhejiang University, with no self-reported hearing loss or neurological Each sequence started and ended with a random state to reduce the 470 probability that words might pop out at the beginning and end of each 471 stimulus, even when the syllable sequence was not attended. was not completely regular while the total duration could be easily controlled.
488
In experiment two, an isochronous syllable sequence was identically, i.e., 489 diotically, presented to both ears. The number of syllables in the word and 490 random states was subject to a geometric distribution so that the subjects 491 could not predict when state transitions would occur.
493
In experiment three, each random state always consisted of 6 syllables and 494 the last 3 syllables were always "yi, er, san" which means "one two three" in presented, the order of which was counterbalanced across subjects. In the 538 word listening block, after each trial, the subjects had to judge if they heard 539 more animate words or more inanimate words by pressing different keys 540 25 (correct rate: 81±3%). The subjects were told that all words within the same 541 word state belonged to the same category, i.e., animate or inanimate. Sixty 542 trials were presented and the subjects had a break after every 15 trials.
543
Before the word listening condition, the subjects went through a practice 544 section, in which they listened to two example sequences and did the same 545 task. They received feedback during the practice session but not during the 546 main experiment. The neural responses showed the same pattern whichever 547 block was presented first and therefore the responses were averaged over all 548 subjects regardless of the presentation order.
550
In the movie watching block, the subjects watched a silent movie (the Little In the time domain analysis, to visualize the response waveform (Fig. 3A) , the 603 EEG responses were filtered between 1.5 and 4.5 Hz using a linear phase word-rate or syllable-rate response ( Fig. 3CD and 4C) , the EEG responses 608 were bandpass filtered using a 1-s duration FIR filter with the lower and higher 609 cutoff frequencies set to 0.25 Hz below and above the word or syllable rate.
610
The instantaneous amplitude of the word-rate and syllable-rate EEG 611 responses were extracted using the Hilbert transform. 
Statistical test
616
This study used bias-corrected and accelerated bootstrap for all significance 617 tests (Efron and Tibshirani, 1993) . In the bootstrap procedure, all the subjects 618 were resampled with replacement 10 4 times. For the significance test for 619 peaks in the response spectrum ( Fig. 2A) , the response amplitude at the peak 620 frequency is compared with the mean amplitude of the neighboring 2 621 frequency bins (corresponding to a 1-Hz width). For the significance test for 622 time intervals showing response amplitude differences (Fig. 3CD and 4C) , the 623 EEG waveform was averaged over all sampled subjects and the 624 instantaneous amplitude was then extracted using the Hilbert transform. 
